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This is a Galaxy. It has 100,000,000,000 stars.

The Sun is just one star in the Galaxy.
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Easy to see:
Sun
Moon
Venus
Mercury
Earth
Mars
Jupiter
Saturn

Hard to see:
Uranus
Neptune
Pluto
Asteroids



1874: French astronomer Urbain Le Verrier found errors in 
the position of Uranus, and discovered Neptune exactly 

where he predicted it.



1905: Percival Lowell started the search for ‘Planet X’ at 
Lowell Observatory,  Arizona, USA.



1925: Clyde Tombaugh is hired to search for 
Planet X at Lowell Observatory in Arizona.



13” Pluto Discovery Telescope, Lowell Observatory







1978: Jim Christy discovers Pluto’s moon Charon,
orbiting Pluto every 6.5 days

Pluto

Charon

Pluto

Charon



1930: Pluto
1978: Pluto + Charon Discovered



1930: Pluto
1978: Pluto + Charon
2006: Pluto + Charon + Nix + Hydra Discovered



1930: Pluto
1978: Pluto + Charon
2006: Pluto + Charon + Nix + Hydra
2011: Pluto + Charon + Nix + Hydra + Kerberos

Kerberos



1930: Pluto
1978: Pluto + Charon
2006: Pluto + Charon + Nix + Hydra
2011: Pluto + Charon + Nix + Hydra + Kerberos
2012: Pluto + Charon + Nix + Hydra + Kerberos + Styx

Kerberos

Styx

      



Nix
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• Radius ~1200 km

• Density ~ 2.0 g/cm3

• 248 year orbital period, 6 day rotational 
period

• Surface: Nitrogen ice, with methane, CO, 
water, and some red organic goo 
(‘tholins’). 40 K.

• Atmosphere: nitrogen, methane, CO,       
~ 1/100,000 of Earth atmosphere

• Five bodies! Pluto, Charon, Nix, Hydra, 
Kerberos, Styx

• No known terrain or geological features.

• Pluto’s small size means it cools quickly. 
No heat is left from formation, and 
minimal solar heating, means surface will 
be cold and ancient — ‘geologically dead.’

Everything We Knew About Pluto on One Slide

More exploration 
requires a close-up visit



• Because Pluto is small and far from the Sun, it 
will be cold.

• The cold surface and interior means no liquids, 
no oceans, no plate tectonics, no volcanoes... 
nothing young. Everything will be OLD!

• The thin atmosphere means no rivers, no 
oceans, no wind, no erosion... OLD!

• Surface will have a lot of impact craters, and 
not much else.

Henry’s Predictions for Pluto, c. 2012



Indian Astronomical Observatory, Ladakh
4500 m elevation, 2.0 m mirror
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Observing Pluto from Earth: Huge telescope, far away

Observing Pluto from a spacecraft: Tiny telescope, very close





$700M USD (Rs. 5000 cr), 
from NASA 
Size of a very small car 
It is a robot - no people 
on it! 
It flew past Pluto, took 
pictures, and sent them 
back over its radio. 
It will keep flying - it 
doesn’t land, and it 
never comes back to 
Earth.

New Horizons Spacecraft

New Horizons launched in 2006, and flew 
6 billion km to Pluto, arriving in July 2015.
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LORRI 
(Visible 
Imager)

PEPSSI

SWAP 
(Solar Wind)

Ralph 
(Visible / IR  

Imager / Spectrometer)

Alice  
(UV Spectrometer)

Student Dust 
Counter

New Horizons Spacecraft
REX 

(Radio Experiment) 



New Horizons Mission Timeline
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2002: Construction of spacecraft at JHU Applied Physics Lab (Laurel, 
MD) and other sites.











2005: Spacecraft is complete



New Horizons Team+





2006: Assemble launch vehicle at Cape Canaveral, Florida



Lockheed-Martin Atlas V Rocket

Rocket:      600,000 kg
Spacecraft:  478 kg
Cameras:    40 kg

Thrust: 2M pounds

Launch vehicle burns for 
40 minutes and 
disconnects.   
 
The next 9 1/2 years are 
an unpowered cruise to 
Pluto.

Main tank:
  Liquid fuel (O2 + kerosene)

Boosters: Solid fuel





















New Horizons is the fastest spacecraft ever launched!

Vehicle Time to get to the 
Moon’s distance

Ferrari @ 250 kph 1600 hours

Apollo 11 100 hours

New Horizons 9 hours



New Horizons Mission Timeline
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Pluto:  
July 2015

Kuiper Belt: 
2016-2020

Jupiter: 
March 2007

Earth:  
January 2006



New Horizons at Jupiter: February 28 2007



 New Horizon at Jupiter

February 28, 2007

Red = 1.59 µm (Deep Clouds)
Green = 1.90 µm (Mid-level Clouds)
Blue = 1.85 µm (Upper-Level Hazes)



The rings of Jupiter, from  
New Horizons.



Galileo 1997

New Horizons 2007

Ten Years of Surface Changes on Io



Volcanoes on Io



We wait* for nine years while New Horizons flies 6 billion km…
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*During these nine years we test the instruments, 
calibrate the data, plan the observations, perform dress 
rehearsals, test again, write software, upgrade systems, 
etc. — a very busy nine years!



Pre-launch (2001-2005)

• Calibration of infrared spectrometer

Cruise (2006 - 2014)

• Development of software tools to plan observations

• Searches for dust that would be a hazard to the spacecraft

• Planning observations 

Encounter (2015)

• Searches for new satellites on approach

• Searches for rings on departure (backlit)

My Roles During the Mission as a
Member of the Science Team
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• 2001: When New Horizons was selected by NASA, 
Pluto had just one known moon, Charon.

• 2005: Two new moons discovered: Nix and Hydra

• 2006: Launch

• 2011: One more moon discovered: Kerberos

• 2012: One more moon moon discovered: Styx

Five Missions for the Price of One



All these new moons are 
great, but they give us a 

big problem...

If there are five moons, there may be more moons, 
more rocks, more dust that we cannot see... and 
that could be dangerous.

A dust particle this tiny can end the mission.



We can't see millimeter-
sized dust grains at Pluto -- 
they are too small!

But we searched for dust 
clouds using Hubble, and 
using New Horizons itself.

And we did computer 
modeling to study the orbits 
of dust particles at Pluto... 
making a prediction 
whether Pluto has 'rings' of 
dust, or not.

Conclusion: Disaster averted. 
After much work, we 
concluded that space around 
Pluto was not dusty, and we 
could fly New Horizons past 
the planet like planned.
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By early 2015, New Horizons had traveled about 5.5 
billion km. It was finally close enough to Pluto that it 
could see it better than Hubble can.
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15-Apr-2015
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June 27, 2015





June 27, 2015





Carrier lost - no signal found

01:54:12 PM EDT  04 Jul 2015







Alice Bowman, New Horizons Mission Operations Manager



With just hours to spare,  Alice Bowman and the mission 
engineers:

• Found the spacecraft and woke it up.

• Figured out what caused it to disappear.

• Rewrote system software to avoid the problem.

• Tested new software on the ground.

• Reprogrammed spacecraft computer 6 billion km away.

Two days later we were back on track.



July 8, 2015



July 9, 2015



July 12, 2015



• 3 AM: Earth to receive highest-resolution 
global image

• 7:50 AM: Closest Approach to Pluto

• All Day: Spacecraft is observing and not 
supposed to communicate with us

• 8 PM: Earth to receive ‘Phone Home’ signal 
from spacecraft

Events of Pluto Flyby Day, July 14 2015





July 14 2015, 6:05 AM



July 13, 2015
The ‘Heart’ on Pluto.
True color.











The rest of the day, New Horizons is observing Pluto, 
while we are waiting anxiously to hear from it…









After 9.5 years and 6 billion km, we arrived… one minute early!



Pluto, true color, stretched
Different colors mean different regions:
White: Pure nitrogen ice
Red: Organic molecules
Yellow, Blue, Green: CH4, H2O, other ices

July 13, 2015



Pluto’s ice flows, close-up
Nitrogen ice is flowing, creeping, and moving across the surface like a glacier.
Other ices may float on top, like mountains or sailboats. 
Nitrogen cells are caused by thermal convection — like a rolling boil of chai, 
but billions of times slower.

July 14, 2015

30 km



Ice Mountains on Pluto, 4,000 meters high. And a huge hole.

July 14, 2015



July 14, 2015

Steep mountains of water ice poke through the nitrogen ice.

A few impact craters, but not many! So it is a new, fresh surface.

10 km



Charon in color, revealing transport of volatiles, a ‘mountain in a moat,’ and a 
bizarre cracked surface. Caused by thermal contraction as Pluto cools?



Hydra                              Nix   

July 14, 2015

The small moons’ rotations are fast - not in synchronous rotation and not well 
explained.



We are making new maps of Pluto and Charon, using suggestions from 
people, mythologies, and explorers all around the world.  
 
Current map is only temporary names — not official.



Long shadows
and atmospheric layers
as we are leaving Pluto…

Norgay Montes  
3.4 km high - tallest on Pluto

Hillary Montes
1.7 km high





Pluto will have:

• Because Pluto is small and far from the Sun, it will 
be cold.

• The cold surface and interior means no liquids, no 
oceans, no plate tectonics, no volcanoes... nothing 
young. Everything will be OLD!

• The thin atmosphere means no rivers, no oceans, 
no wind, no erosion... OLD!

• Surface will have a lot of impact craters, and not 
much else.

Henry’s Predictions for Pluto, c. 2012

Pluto's surface is very YOUNG. We are baffled... 
and all of my guesses were completely wrong!



What We Found on Pluto

• Pluto has a ‘young’ (~10 Myr), active surface

• Somehow Pluto is ‘warm’ inside, and driving convection.

• Mountains are forming right now. Ice is flowing. Glaciers are active.

• There is a lot of diverse chemistry on the surface: hydrocarbons, 
tholins, organics

• Pluto is an active and awesome place.

• From any standpoint — geological processes, surface chemistry, 
atmospheric interactions, diversity — Pluto is clearly a planet.

NB: Although Pluto has water and organic molecules, it is not a good 
candidate for life — look somewhere warmer!



New Horizons Mission Timeline
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New Horizons Extended Mission to 
the Kuiper Belt!
• Distant flybys of ~20 KBOs, through 2018

• Close flyby of KBO, 45 km diameter. January 1, 2019

• Same flyby distance as Pluto, but 20x smaller object

And then…

• 2100: Leave Kuiper belt

• 50,000 AD: Leave solar system

• 500,000 AD: Distant flyby of nearby stellar system

Batteries and fuel depleted: 2040?   





Stayed tuned through 2020’s as we fly through the 
Kuiper belt.

                 pluto.jhuapl.edu or nasa.gov/newhorizons

throop@psi.edu



Question: 

What is a planet?



Greek definition of 
Planet (πλανητ):

“Wandering star”



Text

Historically, 
‘Planet’ has 
referred to 
moons, stars, 
asteroids, and 
even the Sun.



No !!!

• It’s smaller than the other planets

• Its orbit is egg-shaped and tilted 

• It’s just like the other 500 Kuiper 
Belt objects, and we don’t call 
them planets

• If it was discovered today, we 
would not call it a planet                                                                                                 

Is Pluto a Planet?

Yes !!!

• It orbits the Sun

• It is big enough so that its own 
gravity makes it into a round ball

• It has five moons

• It has an atmosphere

• We’ve always called it a planet



“The IAU therefore resolves that "planets" and other bodies in our Solar 
System, except satellites, be defined into three distinct categories in 
the following way:

(1) A "planet" is a celestial body that (a) is in orbit around the Sun, 
(b) has sufficient mass for its self-gravity to overcome rigid body 
forces so that it assumes a hydrostatic equilibrium (nearly round) shape, 
and (c) has cleared the neighborhood around its orbit.

(2) A "dwarf planet" is a celestial body that (a) is in orbit around the 
Sun, (b) has sufficient mass for its self-gravity to overcome rigid body 
forces so that it assumes a hydrostatic equilibrium (nearly round) shape, 
(c) has not cleared the neighbourhood around its orbit, and (d) is not a 
satellite.

(3) All other objects except satellites orbiting the Sun shall be 
referred to collectively as "Small Solar-System Bodies".

IAU Definition of Planet (2006)

Problem 1: The 800+ extrasolar planets aren’t ‘planets’?
Problem II: But Jupiter isn’t ‘rigid’!
Problem III: Saturn isn’t round!
Problem IV: Earth, Jupiter, Moon, etc have not ‘cleared their 
neighborhood’!



How Big is a Planet?

Planets
10,000 km

Dust Particles and Rocks
1 mm - 1 meter

Pluto
100 - 1000 km

What is the difference between a 
mountain and a hill? It can be a 
fine line...



August 2006: International Astronomical Union, Prague

This group voted to call Pluto a ‘Dwarf Planet.’
But not everyone agrees, and this is how science works.

Most scientists still call Pluto a planet, and you can too.


